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Abstract of EP1 284349 

An internal combustion engine (2) provided with a 
starter motor sequentially performs combustion of 
fuel in a plurality of cylinders (#1 -#4). Each 
cylinder is provided with an intake port (7) and a 
fuel injector (8) to inject fuel in the intake port (7) 
and repeatedly performs an intake stroke, 
compression stroke, expansion stroke and an 
exhaust stroke. A sensor (9, 1 1) generates a 
signal identifying a cylinder in a specific position 
in a specific stroke and the controller (1) 
executes a cylinder-stroke identification in 
response to the signal. Upon the first execution of 
the cylinder-stroke identification when the engine 
is cranked, a fuel injection is performed for a 
cylinder in the intake stroke and for a cylinder in 
the exhaust stroke simultaneously so as to 
ensure the fuel supply amount required for the 
first combustion in each cylinder. 




FIG. 1 
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(54) Fuel injection control for start-up of internal combustion engine 



(57) An internal combustion engine (2) provided 
with a starter motor sequentially performs combustion 
of fuel In a plurality of cylinders (#1 - #4). Each cylinder 
is provided with an intake port (7) and a fuel injector (8) 
to inject fuel in the intake port (7) and repeatedly per- 
forms an intake stroke, compression stroke, expansion 
stroke and an exhaust stroke. A sensor (9, 11) gener- 
ates a signal identifying a cylinder in a specific position 



in a specific stroke and the controller (1 ) executes a cyl- 
inder-stroke identification in response to the signal. Up- 
on the first execution of the cylinder-stroke identification 
when the engine is cranked, a fuel injection is performed 
for a cylinder in the intake stroke and for a cylinder in 
the exhaust stroke simultaneously so as to ensure the 
fuel supply amount required for the first combustion In 
each cylinder. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to fuel injection control 
for starting up an internal combustion engine. 

BACKGROUND OF THE INVENTION 

[0002] Tokkai 2000-45841 published by the Japanese 
Patent Office in 2000 discloses simultaneous fuel injec- 
tion to all cylinders of an engine immediately after the 
ignition switch is switched to the ON position. 
[0003] In a spark-ignition engine injecting fuel se- 
quentially into the intake port, fuel injected during crank- 
ing of the engine adheres to the wall surface of the intake 
port and tends to form a flow along the wall. This phe- 
nomenon is hereafter referred to as "wall flow". Conse- 
quently time is required for fuel to reach the combustion 
chamber and preferred stability of combustion during 
cranking of the engine can not be obtained. The prior- 
art technique aims to form a wall flow in advance as a 
result of injecting fuel all at once to all cylinders imme- 
diately after the Ignition switch Is turned to the ON posi- 
tion. As a result, fuel injected sequentially to respective 
cylinders thereafter flows into the combustion chamber 
smoothly without adhering to the wall face of the intake 
port. 

SUMMARY OF THE INVENTION 

[0004] Spark ignition of the air-fuel mixture in each 
cylinder is generally performed in the vicinity of the com- 
pression dead center. However, it is noted that each cyl- 
inder performs respectively different strokes when si- 
multaneous injection to all cylinders is performed. Fur- 
thermore in the period after simultaneous injection to all 
cylinders until initial spark ignition to each cylinder, some 
cylinders undergo sequential fuel injection while others 
do not undergo sequential fuel injection. 
[0005] As a result, a deviation is produced in the air- 
fuel ratio of the fuel mixture at initial sparking ignition in 
each cylinder. In cylinders having a lean air-fuel ratio, 
misfiring may result. In cylinders having a rich air-fuel 
ratio, incomplete combustion may result. Both misfiring 
or incomplete combustion have an adverse effect on the 
stability of the engine and on the exhaust emission com- 
ponents. 

[0006] It is therefore an object of this invention to in- 
crease stability of combustion in each cylinder when 
starting an engine which performs sequential fuel injec- 
tion. 

[0007] In order to achieve the above object, this in- 
vention provides a fuel injection control device for use 
with such an internal combustion engine that comprises 
a plurality of cylinders which sequentially perfomi a 
combustion of fuel and a starter motor which cranks up 
the engine. Each of the cylinders is provided with an in- 



take port and a fuel injector which injects fuel into the 
intake port, and sequentially preforms an intake stroke, 
a compression stroke, a expansion stroke and an ex- 
haust stroke. 

5 [0008] The fuel injection control device comprises a 
first sensor which detects a start of the starter motor, a 
second sensor which detects a cylinder in a specific po- 
sition in a specific stroke and generates a corresponding 
signal, and a programmable controller. 
10 [0009] The controller is programmed to execute a cyl- 
inder-stroke identification identifying a present stroke of 
each cylinder based on the signal generated by the sec- 
ond sensor, and control the fuel injectors to simultane- 
ously perform a primary fuel injection for a cylinder in 
15 the intake stroke and for a cylinder in the exhaust stroke 
simultaneously, on the first execution of the cylinder- 
stroke identification. 

[0010] This invention also provides a fuel injection 
control method for the above internal combustion en- 
gine. The method comprises detecting a start of the 
starter motor, detecting a cylinder in a specific position 
in a specific stroke, executing a cylinder-stroke identifi- 
cation identifying a present stroke of each cylinder 
based on the cylinder in the specific position in the spe- 
cific stroke, and controlling the fuel injectors to simulta- 
neously perform a primary fuel injection for a cylinder in 
the intake stroke and for a cylinder in the exhaust stroke 
simultaneously, on the first execution of the cylinder- 
stroke identification. 

[001 1] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 



[0012] FIG. 1 is a schematic diagram of an internal 
combustion engine to which this invention is applied. 
[0013] FIG. 2 is a block diagram describing a control 
function of a controller according to this invention. 
[0014] FIG. 3 is a flowchart describing a main routine 
executed by the controller for performing fuel injection 
and calculating fuel injection amount at engine start-up. 
[0015] FIG. 4 is a flowchart describing a subroutine 
for performing fuel injection executed by the controller. 
[0016] FIG. 5 is a flowchart describing a subroutine 
for performing fuel injection in a normal and a low tem- 
perature range executed by the controller. 
[0017] FIG. 6 is a flowchart describing a subroutine 
for performing fuel injection in an extremely low temper- 
ature range executed by the controller. 
[0018] FIG. 7 is a flowchart describing a subroutine 
executed by the controller for performing fuel injection 
based on a fuel injection end timing. 
[0019] FIG. 8 is a flowchart describing a subroutine 
executed by the controller for calculating a fuel injection 
end timing. 

[0020] FIG. 9 is similar to FIG. 8, but showing another 
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embodiment of this invention related to the calculation 
of the fuel Injection end timing. 
[0021] FIG. 10 Is a flowchart describing a subroutine 
executed by the controller for calculating a fuel Injection 
pulse width. 

[0022] FIG. 11 is a flowchart describing a subroutine 
executed by the controller for calculating a fuel Injection 
pulse width of a preliminary fuel injection. 
[0023] FIG. 12 is a flowchart describing a subroutine 
executed by the controller for calculating a fuel Injection 
pulse width of a primary fuel injection In a starting period. 
[0024] FIG. 13 Is a flowchart describing a subroutine 
executed by the controller for calculating a fuel Injection 
pulse width of a secondary fuel Injection in the starting 
period. 

[0025] FIG. 14 Is a flowchart describing a subroutine 
executed by the controller for calculating a fuel injection 
pulse width In a normal operation period. 
[0026] FIGs. 15A - 15N are timing charts describing 
a fuel injection pattern in the low temperature range re- 
sulting from the fuel Injection control by the controller. 
[0027] FIGs. 16A - 16N are timing charts describing 
a fuel Injection pattern in the extremely low temperature 
range resulting from the fuel Injection control by the con- 
troller. 

[0028] FIGs. 17A - 17N are timing charts describing 
a fuel injection pattern in the nomial temperature range 
resulting from the fuel injection control by the controller. 
[0029] FIG. 1 8 is similar to FIG. 5 but showing a sec- 
ond embodiment of this Invention. 
[0030] FIG. 19isslmilartoFIG.6butshowingthesec- 
ond embodiment of this invention. 
[0031] FIG. 20 is similar to FIG. 13 but showing the 
second embodiment of this Invention. 
[0032] F1G.21 is similar to FIG. 18 but showing a third 
embodiment of this invention. 

[0033] FIG. 22 is similar to FIG. 19 but showing the 
third embodiment of this Invention. 
[0034] FIG. 23 is a flowchart describing a routine per- 
formed by a controller according to the third embodi- 
ment of this invention for calculating a fuel amount dis- 
charged from an exhaust valve of the engine. 
[0035] FIG. 24 Is a flowchart describing a routine per- 
formed by the controller according to the third embodi- 
ment of this invention for counting an elapsed time from 
a start of the preliminary fuel injection. 
[0036] FIG. 25 is similar to FIG. 20 but showing the 
third embodiment of this Invention. 
[0037] FIGs. 26A - 260 are timing charts for describ- 
ing a fuel Injection pattern In the low temperature range 
according to the second and third embodiments of this 
Invention. 

[0038] FIG. 27 is similar to FIG. 23 but showing a 
fourth embodiment of this invention. 
[0039] FIGs. 28A - 28C are diagrams describing a set- 
ting method of the fuel Injection amount applied by a 
controller according to a fifth embodiment of this inven- 
tion. 



[0040] FIG. 29 is similar to FIG. 11 but showing the 
fifth embodiment of this Invention. 
[0041] FIG. 30 Is similar to FIG. 12 but showing the 
fifth embodiment of this Invention. 
5 [0042] FIG. 31 is similar to FIG. 13 but showing the 
fifth embodiment of this Invention. 
[0043] FIG. 32 is similar to FIG. 1 1 but showing a sixth 
embodiment of this invention. 

10 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] Referring to FIG. 1 of the drawings, a four-cyl- 
inder gasoline engine 2 for a vehicle is provided with an 
15 intake pipe 3 and an exhaust gas pipe 17. 

[0045] The intake pipe 3 is connected to an Intake port 
7 for each cylinder via a collector and an intake manifold 
branching off therefrom. A fuel Injector 8 and an Intake 
valve 18 are provided in the intake port 7 of each cylin- 
der. A combustion chamber 6 combusting a mixture of 
fuel injected by the fuel Injector 8 and air aspirated 
through the intake port 3 are formed in each cylinder. 
The fuel Injector 8 Injects fuel In response to an Input 
injection pulse signal. 

[0046] The amount of air aspirated from the intake 

pipe 3 is regulated by a throttle 5 provided in the midway 
along the intake pipe 3. A combustion gas of the air-fuel 
mixture Is discharged from the combustion chamber 6 
as an exhaust gas to the exhaust gas pipe 17 through 
an exhaust valve 1 9 and an exhaust port 20. 
[0047] The engine 2 is a four-stroke cycle engine In 
which each cylinder #1 through #4 repeats the cycle of 
an Intake, a compression, an expansion and an exhaust 
stroke for two rotations of a crank shaft 1 0. The cycle is 
repeated In the sequence of #1 , #3, #4, #2. During a 
steady-state operation, fuel is Injected from a fuel Injec- 
tor 8 In the exhaust stroke of each cylinder as a result 
of the Input of the Injection pulse signal to the fuel Injec- 
tor 8 from a controller 1 . 

[0048] A spark plug 1 4 is provided facing the combus- 
tion chamber 6 in each cylinder In order to ignite the air- 
fuel mixture in the combustion chamber 6. The spark 
plug 14 generates a spark in the vicinity of a compres- 
sion dead center of each cylinder in response to a spark- 
ing signal input to an ignition coil 14A. 
[0049] The air-fuel ratio of the air-fuel mixture is con- 
trolled to a predetermined target air-fuel ratio by the con- 
troller 1 . In order to realize this control, the controller 1 
Is provided with signals input respectively from an air 
flow meter 4 which detects an intake air amount Qc 
through the Intake pipe 3, a water temperature sensor 
15 which detects a temperature Twoi cooling water in 
the engine 2, an air-fuel ratio sensor 16 which detects 
the air-fuel ratio A/Fo^ the air-fuel mixture based on an 
oxygen concentration in the exhaust gas, a crank angle 
sensor 9 which detects a specific rotation position of the 
crank shaft 1 0 of the engine 2, a cam position sensor 1 1 
which detects a specific rotation position of a cam 12 
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which drives the exhaust valve 1 9 for each cylinder and 
an Ignition switch 13. 

[0050] The ignition switch 13 Is operated by a driver 
of the vehicle. In a first operating step, a controller 1 and 
a fuel pump supplying fuel to the fuel injector 8 are start- 
ed. In a second operating step, a starter motor which 
cranks up the engine 2 Is started. 
[0051 ] A signal IGN which shows that the first operat- 
ing step has been performed and a signal SrSG which 
shows that the second operating step has been per- 
formed are respectively input to the controller 1 from the 
ignition switch 13. 

[0052] Next the relationship of the specific rotation po- 
sition of the cam 1 2 detected by the cam position sensor 
11 and the specific rotation position of the crank shaft 
10 detected by the crank angle sensor 9 will be de- 
scribed. 

[0053] The crank angle sensor 9 detects the specific 
rotation position of the crank shaft 1 0 which corresponds 
to a predetermined angle before the compression dead 
center of each cylinder and outputs a flEFsignal to the 
controller 1 . In the four-cylinder engine 2, the /?EFsignal 
is generated at an interval of 180 degrees. The crank 
angle sensor 9 also outputs a POS signal to the control- 
ler 1 when the crank shaft 1 0 rotates through one degree 
for example. 

[0054] The cam position sensor 1 1 detects the specif- 
ic rotation position of the cam 12 which drives the ex- 
haust valve 19 of each cylinder and outputs a signal 
PHASE to the controller 1 . With respect to the four-cyl- 
inder engine 2, the cam 1 2 rotates once for two rotations 
of the engine 2. The PHASE signal is input to the con- 
troller 1 in the sequence #1, #3, #4, #2 for each 180 
degree rotation of the engine 2. The PHASE signal is 
used to identify which cylinders are in which stroke when 
the REF signal is Input. In the description hereafter, the 
combination of the PHASE signal and the /?EF signal is 
termed the cylinder -stroke identification signal. 
[0055] The controller 1 comprises a microcomputer 
provided with a central processing unit (CPU), a read 
only memory (ROM), a random access memory (RAM) 
and an input/output interface (I/O Interface). The con- 
troller may comprise a plurality of such microcomputers. 
[0056] Now referring to Fig. 2, the functions of the con- 
troller 1 related to fuel injection control will be described. 
The controller 1 is provided with a cranking start deter- 
mination unit 101, a cylinder-stroke Identification unit 
102, a rotation speed computing unit 103, an Injection 
pulse width computing unit 104, a drive signal generat- 
ing unit 105, and an injection start timing computing unit 
1 06. It should be noted that these units are merely virtual 
units for the purpose of describing the function of the 
controller 1 and do not have physical existence. 
[0057] The cranking start determination unit 101 de- 
tects the start of cranking of the engine 2 upon receiving 
the signal STSG from the ignition switch 13. The cylin- 
der-stroke identification unit 102 determines the stroke 
and position of the respective cylinders based on the 



cylinder-stroke identification signal and the POS signal. 
The rotation speed computing unit 103 calculates the 
rotation speed Ne of the engine 2 based on the input 
number of POS signals per unit time. The injection pulse 

5 width computing unit 1 04 calculates the basic fuel injec- 
tion pulse width TPby looking up a prestored map based 
on the Intake air amount C?c detected by the air flow me- 
ter 4 and the engine rotation speed Ne. Various types 
of corrections are added based on the air-fuel ratio A/F 

10 of the air-fuel mixture detected by the air-fuel ratio sen- 
sor 16 and the cooling water temperature Tw detected 
by the water temperature sensor 15. In this manner, an 
injection amount command value that is to be output to 
the fuel injector 8 is determined. The injection start tim- 

15 ing computing unit 1 06 determines the start timing of fuel 
injection according to fuel injection conditions. The drive 
signal generating unit 1 05 outputs an injection pulse sig- 
nal to the fuel injector 8 based on the injection amount 
command value and the injection start timing. 

20 [0058] Next the fuel injection control performed by the 
controller 1 when cranking the engine 2 will be de- 
scribed. 

[0059] The controller 1 executes fuel injection control 
corresponding to three different periods for the fuel in- 

25 jection control when starting the engine 2 so that when 
the engine 2 is started, each cylinder performs stable 
combustion of the air-fuel mixture when the first ignition 
operation by the spark plug 14 is performed in each cyl- 
inder. The three periods are a preliminary period imme- 

30 diately after Input of the first flEF signal until input of a 
first cylinder-stroke identification signal, a starting peri- 
od after the input of the first cylinder-stroke identification 
signal until the controller 1 completes receiving a cylin- 
der-stroke identification signals for all the cylinders, and 

35 a normal operation period that follows the starting peri- 
od. 

[0060] The controller 1 performs fuel injection control 
with respect to these three periods according to three 
temperature ranges. The three temperature ranges are 

40 a normal temperature range not lower than 1 0 °C, a low 
temperature range between -15 to 10 °C and an ex- 
tremely low temperature range lower than -1 5 **C. A tem- 
perature of 10 °C corresponds to a first predetermined 
temperature and -15 °C corresponds to a second pre- 

45 detemiined temperature. 

[0061] With respect to the preliminary period, the con- 
troller 1 performs a preliminary fuel injection, i.e., a si- 
multaneous fuel injection for all the cylinders, when the 
engine 2 is in the low temperature range or the extreme- 

50 ly low temperature range. In this manner, the movement 
of fuel Injected by the fuel injector 8 to the combustion 
chamber 6 is facilitated by fonming wall flow in advance 
as described in the conventional example. The prelimi- 
nary fuel injection is not perfomned in the nomial tem- 

55 perature range. 

[0062] During the starting period, when operating in 
the nonnal temperature range or the low temperature 
range, the controller 1 first injects fuel into the cylinders 
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in the exhaust stroke and the intake stroke when the first 
cylinder-stroke identification signal is input. This injec- 
tion is termed a primary injection. Subsequently, fuel in- 
jection is performed sequentially on the cylinders In the 
exhaust stroke until the starting period terminates. This 
injection is termed a secondary Injection. 
[0063] In contrast, in the extremely low temperature 
range, the primary injection Is performed only for the cyl- 
inder in the intake stroke. Subsequently, the secondary 
injection is performed sequentially for the cylinders in 
the Intake stroke until the starting period terminates. 
[0064] During the normal operation period, the con- 
troller 1 controls the fuel injector 8 to perform the se- 
quential fuel injection for the cylinder in the exhaust 
stroke in the normal temperature range and In the low 
temperature range. 

[0065] During the normal operating period in the ex- 
tremely low temperature range, the controller 1 controls 
the fuel Injector 8 to perform the sequential fuel Injection 
for the cylinder in the intake stroke until the rotation 
speed Ne of the engine 2 becomes larger than a prede- 
termined rotation speed, and after the rotation speed Ne 
becomes larger than the predetermined rotation speed, 
the controller 1 controls the fuel injector 8 to perform the 
sequential fuel injection for the cylinder in the exhaust 
stroke as in the case of the sequential fuel injection in 
the normal temperature range and in the low tempera- 
ture range. The predetermined rotation speed is herein 
set equal to a thousand revolutions per minute (1000 
rpm). 

[0066] The above control will be described more in de- 
tail referring to flowcharts of FIGs. 3-14. 
[0067] FIG. 3 shows a main routine for fuel injection 
control. The controller 1 performs this routine at an In- 
terval of ten milliseconds as long as the ignition switch 
13 is in the ON position. 

[0068] First, in a step SI, the controller 1 compares 
the elapsed time TMFPON after the first input of the sig- 
nal IGN with a reference period FPONTM. As long as 
the elapsed time TMFPON \s not greater than the refer- 
ence period FPONTM, the controller 1 terminates the 
routine Immediately without performing further steps. 
[0069] The reference period FPONTM represents a 
period required from the operation start of the fuel pump 
until the fuel pressure reaches a steady-state pressure. 
In other words, fuel injection in any form is not performed 
by the controller 1 as long as the fuel pressure from the 
fuel pump has not reached the steady-state pressure. 
Such a processing is necessary In order to prevent de- 
viations In the fuel injection amount resulting from an 
insufficient fuel pressure when starting the cranking of 
the engine 2. 

[0070] When the elapsed time TMFPON is larger than 
the reference period FPONTM, In a step S2, the con- 
troller 1 determines whether or not the cylinder-stroke 
identification signal or REF signal has been input since 
the immediately preceding occasion when the routine 
was performed. 



[0071] The step S2 merely has the function of deter- 
mining whether or not fuel injection will be performed 
during the execution of the routine on this occasion. 
Since the rotation speed of the engine 2 is low during 

5 the cranking, the routine is performed several times 
while the engine 2 undergoes a single rotation during 
the cranking. Consequently it is necessary to perform 
this determination on each occasion the routine is per- 
formed since the execution interval of fuel injection is 
larger than the execution interval of the routine. 
[0072] When the condition of the step S2 is satisfied. 
It means that fuel injection has to be performed during 
the execution of the routine on this occasion. 
[0073] In this case, the controller 1 executes a sub- 

^5 routine shown in FIG. 4 in a following step S3 in order 
to perfomi fuel injection. The detemilnatlon In the step 

52 Is performed irrespective of the temperature range. 
In other words, the process in the step S3 is common to 
all three temperature ranges. 

20 [0074] When the condition of the step S2 Is not satis- 
fied, it means that the fuel injection has not to be per- 
formed during the execution of the routine on this occa- 
sion. 

[0075] In this case, the controller 1 calculates the fuel 
25 Injection pulse width by performing a subroutine shown 
in FIG. 10 In a step S4. Furthermore ignition control in 
the step S5 is performed. Since the ignition control is 
not included in the subject matter of this invention, the 
description thereof will be omitted. 
30 [0076] After the process of the step S3 or the step S5, 
the controller 1 terminates the routine. 
[0077] It should be noted that in the step S3, only the 
selection of the cylinder for fuel injection and the deter- 
mination of the start period of Injection are performed. 
35 The fuel injection pulse width applied in process of the 
step S3 is the value that was calculated on the immedi- 
ately preceding occasion when the process of the step 
S4 was performed. 

[0078] Referring now to FIG. 4. a subroutine for fuel 
40 injection control performed by the controller 1 in the step 

53 of FIG. 3 will be described. 

[0079] First, in a step S6, the controller 1 determines 
whether or not an accumulated number of REF signal 
inputs is smaller than a predetermined value of four. This 

45 step determines whether or not the starting period has 
finished, or in other words, determines whether or not 
the f?EF signal has been input a number of times which 
is equal to the number of cylinders. The predetermined 
number therefore depends on the number of cylinders 

50 of the engine 2. 

[0080] in the step S6, when the accumulated number 
of REF signal inputs is not smaller than four, it is deter- 
mined that the starting period has terminated and the 
normal operation period has started. In this case, the 

55 controller 1 performs a fuel injection control for the nor- 
mal operation period by performing a subroutine shown 
in FIG. 7 in a step SIC. 

[0081] In the step S6. when the accumulated number 
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of REF signal inputs is smaller than four, the starting 
period is determined not to have completed. 
[0082] In this case; in a step S7, the controller 1 com- 
pares a water temperature TlV/A/Tdetected by the water 
temperature sensor 15 when the cranking was started, 
or when the signal STSG was first input, with the second 
predetermined temperature of -15 **C. 
[0083] When the water temperature TWINT at startup 
of cranking is lower than -15 °C, the controller 1 per- 
forms a fuel injection operation In the extremely low tem- 
perature range according to a subroutine shown in FIG. 
6 in a step S9. 

[0084] When the water temperature TWINT at startup 
of cranking Is not lower than -15 °C. the controller 1 per- 
forms a fuel injection operation in the normal/low tem- 
perature range by perfomiing a subroutine shown in 
FIG. 5 in a step SB. 

[0085] After performing the process in the steps SB, 
S9 or SIC, the controller 1 terminates the subroutine. 
[0086] Next referring to FIG. 5, the fuel injection con- 
trol subroutine for the preliminary and starting periods 
in the normal/low temperature range performed by the 
controller 1 in the step SB of FIG. 4 will be described. 
[0087] First, in a step S1 1 , the controller 1 determines 
whether or not the signal determined in the step S2 of 
FIG. 3 was the first HEF signal input since the first exe- 
cution of the main routine. 

[0088] This condition is only satisfied when the 
present occasion is in the preliminary period. When the 
condition is satisfied, the controller 1 performs fuel in- 
jection for all the cylinders simultaneously in a step S1 2. 
This process corresponds to the simultaneous injection 
for #1 - #4 shown in FIGs. 151-1 5L. The Injection pulse 
width for the fuel Injection performed in this step is the 
value previously calculated in the step S4 of the main 
routine. 

[0089] When the condition in the step S11 is not sat- 
isfied, it means that the present occasion is in the start- 
ing period, and that the cylinder-stroke identification sig- 
nal has been input after the immediately preceding oc- 
casion when the subroutine was performed. In this case, 
in a step SI 3, the controller 1 determines whether or not 
the signal determined in the step S2 of FIG. 3 was the 
first cylinder-stroke identification signal. 
[0090] When the determination result in the step SI 3 
is affirmative, it means that it is a timing of the primary 
fuel injection in the starting period. In this case, in a step 

514, the controller 1 immediately performs injection for 
the cylinder undergoing the intake stroke and the cylin- 
der undergoing the exhaust stroke simultaneously. This 
operation is shown by the second injection for cylinders 
#1 and #3 in FIGs. 151 and 15K. 

[0091] When the determination result in the step SI 3 
is negative, it means that it is a timing of the secondary 
fuel injection in the starting period. In this case, in a step 

515, the controller 1 makes the fuel injector 8 start fuel 
injection for the cylinder undergoing the exhaust stroke 
at a timing a predetermined period VDINJ1 offset from 



the input of the REF signal. 

[0092] This process corresponds to the second injec- 
tion performed for cylinder #4 and the second injection 
perfonned for cylinder #2 as shown in FIGs. 15L and 

5 15J. In the Step S1 2 and S1 4, the controller 1 makes the 
fuel injector 8 start fuel injection immediately after the 
input of the REF signal. However in the step S15, the 
controller 1 makes the fuel injector B start fuel injection 
at a timing offset from the input of the REF signal. 

10 [0093] Afterthe process In any of the stepsS12, S14 
or S15 is performed, the controller terminates the sub- 
routine. 

[0094] Next referring FIG. 6, the fuel Injection control 
subroutine for the preliminary and starting periods in the 
15 extremely low temperature range performed by the con- 
troller 1 in the step S9 of FIG. 4 will be described. 
[0095] First, in a step S1 6, the controller 1 determines 
whether or not the signal determined in the step S2 of 
FIG. 3 was the first REF signal input since the first exe- 
cution of the main routine. This determination Is identical 
to that of the step S11 of FIG. 5. 
[0096] Therefore, the condition is only satisfied when 
the present occasion is in the preliminary period. When 
the condition is satisfied, the controller 1 performs fuel 
injection for all the cylinders simultaneously in a step 
SI 7. This process is shown by the simultaneous injec- 
tion for #1 - #4 shown FIGs. 1 61 - 1 6L. The injection pulse 
width for the fuel injection performed in this step is the 
value previously calculated in the step S4 of the main 
routine. 

[0097] When the condition in the step SI 6 is not sat- 
isfied, it means that the present occasion is in the start- 
ing period, and that the cylinder-stroke identification sig- 
nal has been input after the immediately preceding oc- 
casion when the subroutine was performed. In this case, 
In a step SI 8, the controller 1 determines whether or not 
the signal determined in the step S2 of FIG. 3 was the 
first cylinder-stroke identification signal. 
[0098] When the determination result in the step SI 8 
is affirmative, it means that it is a timing of the primary 
fuel injection in the starting period. In this case, in a step 
SI 9, the controller 1 immediately performs fuel injection 
for the cylinder undergoing the intake stroke. This oper- 
ation is shown by the second injection for cylinder #1 in 
FIG. 161. 

[0099] When the determination result In the step S1 6 
is negative, it means that it is a timing of the secondary 
fuel Injection In the starting period. In this case, in a step 
S20, the controller 1 makes the fuel injector B start fuel 
injection for the cylinder undergoing the intake stroke at 
a timing a predetermined period VDINJ2 offset from the 
input of the REF signal. 

[01 00] This process corresponds to the second injec- 
tion performed on cylinder #3 and the second injection 
performed on cylinder #4 as shown In FIGs. 16K and 
16L. In the step S17 and S19, the controller 1 makes 
the fuel injector start fuel injection Immediately after the 
input of the REF signal. However In the step S20, the 
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controller 1 makes the fuel injector 8 start fuel injection 
at a timing offset from the input of the REF signal. 
[0101] After the process in any of the steps S17, S19 
or S20 is performed, the controller terminates the sub- 
routine. 

[0102] Next referring FIG. 7, the fuel injection control 
subroutine in the normal operation period performed by 
the controller 1 In the step S10 of FIG. 4 will be de- 
scribed. In this subroutine, the controller 1 determines 
the fuel injection start timing on the basis of the fuel in- 
jection end timing. 

[0103] First, in a step S21 , the controller 1 reads the 
fuel injection pulse width. The value which is read out is 
a value calculated In the step S4 of FIG. 3 on the imme- 
diately preceding occasion when the main routine of 
FIG. 3 was performed. 

[0104] Next in a step S22, a fuel injection end timing 
is calculated by executing a subroutine shown in FIG. 8. 
[01 05] I n a next step S23, the rotation speed Ne of the 
engine 2 is calculated based on the flEF signal or the 
POS signal. 

[01 06] In a next step S24, the fuel injection start timing 
is calculated on the basis of the fuel Injection pulse 
width, the fuel injection end timing and the engine rota- 
tion speed. 

[01 07] After the process of the step S24, the controller 
1 terminates the subroutine. 

[01 08] Now referring to FIG. 8, the calculation subrou- 
tine for the fuel injection end timing performed in the step 
S21 of FIG. 7 will be described. Control of the fuel injec- 
tion operation based on the fuel injection end timing is 
only performed in the normal operation period as clearly 
shown by the process shown in FIG. 4 above. Thus this 
subroutine is only applied to fuel injection in the normal 
operation period. 

[0109] First, in a step S25, the controller 1 compares 
the water temperature TWINT detected by the water 
temperature sensor 15 when cranking was started with 
a second predetermined temperature of -15 ^'C. When 
TWINTis lower than the second predetermined temper- 
ature, the engine rotation speed Ne is compared with a 
predetermined rotation speed in a step S26. Herein, the 
predetermined rotation speed is a value for determining 
if the engine 2 has accomplished a complete combus- 
tion, in this subroutine, the predetermined rotation 
speed Is set equal to 1000 rpm. 
[0110] When the engine rotation speed is less than 
the predetermined rotation speed in the step S26, the 
target fuel injection end timing is set to a predetermined 
timing in the intake stroke in a step S27. The end timing 
of the fuel injection in the intake stroke during the normal 
operation period shown in FIGs. 161 - 16L is the timing 
set in this step S27. 

[0111] When the water temperature rH/Z/VTis not low- 
er than the second predetermined temperature in the 
step S25, or when the engine rotation speed Ne is not 
less than the predetermined speed in the step S26, the 
controller 1 sets the fuel injection end timing in a step 



S28 to a timing in the exhaust stroke according to the 
engine rotation speed A/eby looking up a map prestored 
in the memory. The end timing of the fuel injection in the 
exhaust stroke during the normal operation period 

5 shown in FIGs. 1 61 - 1 6L is the timing set in the step S28. 
[01 1 2] After the process in the step S27 or S28 Is per- 
formed, the controller 1 terminates the subroutine. 
[0113] Next referring to FIG. 9, another embodiment 
with respect to the calculation subroutine of the fuel in- 

10 jection end timing will be described. 

[0114] The process performed In the step S25, S27 
and S28 is the same as those performed in the subrou- 
tine of FIG, 8. 

[01 1 5] The controller 1 performs the process of steps 

^5 S70 and S71 instead of the step S26 when the water 
temperature TWINT at startup of cranking Is lower than 
the second predetermined temperature in the step S25. 
[0116] In the step S71, the accumulated number of 
REF signal inputs is compared with a reference value 

20 NREFH. Herein, the accumulated number of flEFsignal 
inputs Is the value used in the step S6 of FIG. 4. 
[01 17] The reference value NREFH is the value cal- 
culated in the preceding step S70 for determining if the 
fuel injection end timing should be switched over from 

25 the intake stroke to the exhaust stroke. The calculation 
is performed by looking up a prestored map in the mem- 
ory from the water temperature TWINT at startup of 
cranking. As shown in FIG. 9. the reference value NRE- 
FHincreases as the water temperature TW/A/Tdecreas- 

30 es. 

[01 1 8] When the accumulated number of REF signal 
inputs is less than the reference value NREFH in the 
step S71 , the process of the step S27 is perfomned. On 
the other hand, when the accumulated number of REF 

35 signal inputs is not less than the reference value NRE- 
FH, the process of the step S28 is performed. 
[0119] After performing the process in the step S27 
or S28. the controller 1 terminates the subroutine. 
[0120] In the subroutine in FIG. 8, after the engine ro- 

40 tatlon speed Ne reaches the predetermined rotation 
speed irrespective of the water temperature TWINT at 
cranking start, the fuel injection end timing is switched 
over from the intake stroke to the exhaust stroke. In this 
subroutine, however, the switching-over of the fuel in- 

45 jection end timing from the intake stroke to the exhaust 
stroke is delayed the lower the water temperature 
TWINT at startup of cranking. 
[01 21 ] Since fuel injection in the exhaust stroke is per- 
formed in the state where the intake valve is closed, 

50 there Is a tendency that the injected fuel adheres to the 
valve body and increases wall flow. Thus when the water 
temperature TWINT at startup of cranking is low, it is 
preferable to delay the switching-over of the fuel injec- 
tion end timing from the intake stroke to the exhaust 

55 stroke in order to stabilize the engine operation. The 
subroutine of FIG. 9 has been developed to meet this 
requirement. 

[0122] Referring now to FIG. 10, the subroutine for 
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calculating the fuel injection pulse width executed by the 
controller 1 in the step S4 of FIG. 3 will be described. 
[01 23] First, in a step S29, the controller 1 determines 
whether or not the first flEFsignal after startup of crank- 
ing has been input. When the first ffEFsignal after star- 
tup of cranking has not been Input, the injection pulse 
width for the simultaneous fuel injection to all the cylin- 
ders during the preliminary period is calculated in a step 
S35 by a subroutine shown In FIG. 11. 
[0124] When the first REF signal after startup of 
cranking has already been input, in a step S30, the con- 
troller 1 determines whether or not the first cylinder- 
stroke identification signal has been input. When the first 
cylinder-stroke Identification signal has not been input, 
in a step S34, the pulse width for the primary fuel injec- 
tion is calculated by a subroutine shown in FIG. 12. 
[01 25] In contrast, when the first cylinder-stroke iden- 
tification signal has already been input, the controller 1 
determines whether or not the fuel injection during the 
starting period has completed in a step S31 . This deter- 
mination Is the same as the determination performed in 
the step S6 of FIG. 4. 

[0126] When the fuel injection during the starting pe- 
riod has not completed yet, in a step S33, the controller 
1 calculates the pulse width for the secondary fuel in- 
jection is calculated by a subroutine shown in FIG. 33. 
[01 27] On the other hand, when the fuel injection dur- 
ing the starting period has completed, in a step S32, the 
controller 1 calculates the fuel injection pulse width for 
the normal operation period is calculated by a subrou- 
tine shown in FIG. 14. 

[01 28] After the fuel injection pulse width is calculated 
from any of the steps S32 through S35, the controller 1 
terminates the subroutine. 

[0129] Referring to FIG. 11 , the subroutine for calcu- 
lating the pulse width for the simultaneous fuel injection 
during the preliminary period that is performed in the 
step S35 of FIG. 10 will be described. 
[0130] First, in a step S36, the controller 1 reads cor- 
rection coefficients related to the fuel injection pulse 
width. The correction coefficients include an atmospher- 
ic pressure correction coefficient TATM for correcting 
variation In the mass of air resulting from variation in the 
atmospheric pressure, an intake pressure correction co- 
efficient KSSTwhich corrects the variation in the differ- 
ent between the fuel pressure of the fuel pump and the 
nozzle pressure of the fuel Injector 8 resulting from the 
pressure variation In the intake pipe 3, and a time cor- 
rection coefficient KTST for correcting variation in the 
fuel vaporization ratio resulting from temperature varia- 
tion In the intake valve 1 8 according to the elapsed time 
after startup of cranking. 

[0131] Then In a step S37, the controller 1 calculates 
a basic value TIST1 for the preliminary fuel injection by 
looking up a map which Is prestored in the memory from 
the water temperature TWINTeX startup of cranking. As 
shown in the figure, the basic value TIST1 increases as 
the water temperature TWINTeX startup of cranking de- 



creases. 

[0132] It should be noted that, when the water tem- 
perature TWINT at startup of cranking is not lower than 
a first predetemnlned temperature of 10 **C, the basic 

5 value TIST1 takes a value of zero. 

[01 33] In the low temperature range or extremely low 
temperature range, the fuel injection amount required 
for the fuel injection in the starting period is so large that 
the fuel Injection amount that can be injected during the 

10 starting period may not meet the requirement. The pre- 
liminary fuel injection has a purpose of supplying fuel to 
prevent the shortage of fuel when the first combustion 
is performed as well as to fornn a wall flow. 
[0134] Due to the above reason, the map of TIST1 has 

15 been arranged such that the basic value TIST1 takes a 
larger value the lower the water temperature TWINT at 
startup of cranking. The map is prepared through a com- 
parison of the required fuel injection amount in the low 
and extremely low temperature ranges with a physical 

20 limit of the fuel injector 8 with respect to the fuel injection 
amount. 

[0135] In a next step S38, the controller 1 calculates 
a fuel injection pulse width TIST1 for the preliminary fuel 
Injection by multiplying the basic value TISTI by the co- 

25 efficients above. 

[0136] In a next step S39, a minimum fuel injection 
pulse width TEMIN is read. The minimum fuel injection 
pulse width TEM/A/ represents the minimum value of the 
pulse width that can be handled by the fuel injector 8. 

30 [0137] In a step S4Q, the fuel injection pulse width 
TIST1 for the preliminary fuel injection is compared with 
the minimum pulse width TEMIN. When the fuel injec- 
tion pulse width TISTI Is smaller than the minimum 
pulse width TEMIN, it means that the fuel injection 

35 amount is too small to be handled by fuel Injector 8. Con- 
sequently the controller 1 stores the fuel injection pulse 
width TIST1 as a stored value TISTI M in a step S41 , 
and in a subsequent step S42. the fuel injection pulse 
width TISTI is set to zero. The stored value TISTI M is 

40 added to the fuel injection pulse width in the next occa- 
sion fuel injection is performed. After the process of the 
step S42, the controller 1 executes the process of a step 
S43. 

[0138] In the step S40, when the fuel injection pulse 
45 width TISTI Is not smaller than the minimum pulse width 
TEMIN, the controller 1 skips the process of the steps 
S41 and S42 and proceeds to the process of the step 
S43. 

[0139] In the step S43, the preliminary fuel injection 
50 pulse width is set equal to the pulse width TISTI. After 
this process, the controller 1 terminates the subroutine. 
[0140] According to this subroutine, The value of 
TISTI varies In response to the water temperature 
TWINT at startup of cranking. When the water temper- 
as ature TWINT at startup of cranking Is higher than the 
first predetemnlned temperature, TIST1 takes a value of 
zero. As a result, when the water temperature TWINT 
at startup of cranking is higher than the first predeter- 
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mined temperature of 10 **C, the preliminary fuel injec- 
tion, i. e., the simultaneous fuel injection to all the cylin- 
ders in the preliminary period is not performed as shown 
in FIGs, 17I-17L 

[0141] Referring now to FIG. 12, the subroutine for 
calculating the primary fuel injection pulse width in the 
starting period that is performed in the step S34 of FIG. 
10 will be described. 

[0142] First, in a step S44, the controller 1 reads the 
target fuel injection pulse width T/PSthat was calculated 
in another routine based on a target equivalence ratio 
TFBYA and the basic injection pulse width TP. Since the 
calculation of the basic injection pulse width TP, the tar- 
get equivalence ratio TFBYA and the calculation of the 
target fuel injection pulse width TIPS based on these 
two values are known from USPat. 5, 615, 660, the cal- 
culation process of these values are omitted in this de- 
scription. 

[0143] In a next step S45, the atmospheric pressure 

correction coefficient TATM, the intake air pipe pressure 
correction coefficient KBSTand the time correction co- 
efficient KTSr described above are read. 
[0144] In a next step S46, the controller 1 calculates 
a basic value TST2 for the primary fuel injection pulse 
width in the starting period by looking up a map 
prestored in the memory based on the water tempera- 
ture TWINTbX startup of cranking. The basic value TST2 
takes larger values the lower the water temperature 
TWINTeX startup of cranking as shown in the figure. 
[0145] In a next step S47, the controller 1 calculates 
the primary fuel injection pulse width TlST2iox the start- 
ing period by multiplying the basic value TST2 by the 
above coefficients. 

[0146] In a next step S48, it is determined whether or 
not the preliminary fuel injection pulse width TIST1 set 
in the subroutine of FIG. 11 has a value of zero. 
[0147] When the preliminary fuel injection pulse width 
TIST1 is zero, in a step S49, the stored value TIST1M 
set in the step S41 of FIG. 11 Is added to the value for 
TIST2 and the resulting value is set as the primary fuel 
injection pulse width TIST2 for the starting period. After 
the process of the step S49, the controller 1 performs 
the process of the step S50. 

[0148] When on the other hand the preliminary fuel 
Injection pulse width TIST1 is not zero, the step S49 is 
skipped and the process in the step S50 is performed. 
[0149] In the step S50, the controller 1 compares the 
primary fuel injection pulse width TIST2 for the starting 
period with a value obtained by subtracting the primary 
fuel injection pulse width TIST1 from the target fuel in- 
jection pulse width TIPS read in the step S44. The pre- 
liminary fuel injection pulse width TIST1 is the value cal- 
culated in the subroutine of FIG. 11 . After the compari- 
son, the larger of the two values is set as the primary 
fuel injection pulse width for the starting period. 
[01 50] The process in the step S50 has the following 
meaning. 

[01 51 ] The primary fuel injection pulse width TIST2\ox 



the starting period does not depend on the Intake air 
amount of the engine 2 as clearly shown by its process 
of determination. On the other hand, when the intake air 
amount of the engine 2 varies, the fuel injection amount 

5 must be varied in order to maintain a target air-fuel ratio 
of the air-fuel mixture. Thus when the intake air amount 
of the engine 2 has been varied, the air-fuel ratio of the 
air-fuel mixture fluctuates if the fuel injection is per- 
formed according only to the value for TIST2. Conse- 

^0 quently adverse effects result in view of the stability of 
combustion or the exhaust emission components of the 
engine 2. 

[01 52] In the step S50, a fuel injection pulse width re- 
quired for the current fuel injection is calculated by sub- 
^5 tracting the injection pulse width TIST1 already injected 
by the preliminary fuel injection from the target fuel in- 
jection pulse width TIPS set in response to the intake 
air amount, and then the primary fuel injection pulse 
width TIST2 in the starting period is adapted not to fall 
below the calculated pulse width. 
[01 53] After the process in the step S50, the controller 
1 terminates the subroutine. 

[0154] Referring now to FIG. 13, the subroutine for 
calculating the secondary fuel injection pulse width for 
the second or subsequent fuel injection occasion in the 
starting period that is performed in the step S33 of FIG. 
10 will be described. 

[0155] First, in a step S51, the target fuel injection 
pulse width TIPS is read in the same manner as the step 
S44ofthe FIG. 12. 

[0156] In a next step S52, the atmospheric pressure 
correction coefficient TATM, the intake air pipe pressure 
correction coefficient KBST and the time correction co- 
efficient KTSTare read in the same manner as the step 
S45 of FIG. 12. 

[0157] In a next step S53, the controller 1 calculates 
a basic value rS73for the secondary fuel injection pulse 
width for the second or subsequent fuel injection occa- 
sion in the starting period by looking up a map prestored 
in the memory based on the water temperature TWINT 
at startup of cranking. The basic value TST3Xakes larger 
values the lower the water temperature TWINT aX star- 
tup of cranking as shown in the figure. 
[0158] In a next step S54, the controller 1 calculates 
the secondary fuel injection pulse width TIST3 for the 
starting period by multiplying the basic value rS7"3 by 
the various coefficients above. 
[01 59] In a next step S55, it is determined whether or 
not the preliminary fuel injection pulse width TISTIseX 
in the subroutine of FIG. 11 has a value of zero. 
[01 60] When the preliminary fuel injection pulse width 
TIST1 is zero, in a step S56, the stored value TIST1M 
set in the step S41 of FIG. 11 is added to the value for 
TIST3 and the resulting value is set as the secondary 
fuel injection pulse width TIST3 on the second or sub- 
sequent fuel injection occasion for the starting period. 
After the process of the step S56, the controller performs 
the process in the step S57. 
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[0161] When on the other hand the preliminary fuel 
injection pulse width TIST1 is not zero, the step S56 is 
skipped and the process in the step S50 is performed. 
[0162] In the step S57, the controller 1 compares the 
secondary fuel injection pulse width r/ST"3 with a value 
obtained by subtracting the preliminary fuel injection 
pulse width TIST1 from the target fuel injection pulse 
width TIPS read in the step S51. The preliminary fuel 
injection pulse width TIST1 is the value calculated in the 
subroutine of FIG. 11. The larger of the two values is 
then set as the secondary fuel injection pulse width for 
the second or subsequent fuel injection occasion in the 
starting period. 

[0163] After performing the process of the step S50. 
the controller 1 terminates the subroutine. 
[0164] Referring now to FIG. 14, the subroutine for 
calculating the fuel injection pulse width for the normal 
operation period performed in the step S32 of FIG. 10 
will be described. The fuel injection pulse width in the 
normal operation period is herein after referred to as a 
normal fuel injection pulse width. 
[0165] First, in a step S58, the controller 1 reads the 
target fuel Injection pulse width CTI for each cylinder. 
The target fuel injection pulse width CT/for each cylin- 
der is a value which is determined in response to the 
intake air amount Qc in the same manner as the target 
fuel injection pulse width TIPS described above. The 
calculation of the target injection pulse width CTI for 
each cylinder is known from USPat. 5,404,862. 
[0166] In a next step S59, the atmospheric pressure 
correction coefficient TATM, the intake air pipe pressure 
correction coefficient KBSTan6 the time correction co- 
efficient KTST are read in the same manner as the step 
S45 of FIG. 12. 

[0167] In a next step S60, the controller 1 reads the 
rotation speed Ne of the engine 2. 
[0168] In a next step S61 , a rotation speed correction 
coefficient KNST is calculated by looking up a map 
prestored in the memory based on the rotation speed 
Ne of the engine 2. The rotation speed correction coef- 
ficient KNST is a coefficient which corrects effects of 
variation in the engine rotation speed on the fuel injec- 
tion pulse width. 

[0169] In a step S62, the controller 1 calculates a ba- 
sic value TST4 for the normal fuel Injection pulse width 
by looking up a map prestored in the memory based on 
the water temperature TWINT at startup of cranking. 
The basic value TST4 takes larger values the lower the 
water temperature TWINT at startup of cranking as 
shown in the figure. 

[0170] In a next step S63, the controller 1 calculates 
the normal fuel injection pulse width TIST4 by multiply- 
ing the basic value TST4 by the various coefficients 
above. 

[0171] In a next step S64, the target fuel injection 
pulse width CTI is compared with the normal fuel injec- 
tion pulse width TIST4 and the larger of the two values 
is set as the normal fuel injection pulse width. After the 



step S63. the controller 1 terminates the subroutine. 
[0172] The result of the above control routines per- 
formed by the controller 1 is that the preliminary fuel in- 
jection is perfonmed for all the cylinders for the first time 

5 when the first flEFsignal is input and the water temper- 
ature TWINT at startup of cranking is not larger than the 
first predetermined temperature of 10 ''C. In the normal 
temperature range in which the water temperature 
TWINT a\ startup of cranking is not lower than the first 

10 predetermined temperature, the preliminary fuel injec- 
tion Is not performed. 

[0173] Next, when the first cylinder-stroke identifica- 
tion signal is input, If the water temperature TWINT a\ 
startup of cranking is not lower than the second prede- 

15 termined temperature of -15 °C, fuel injection is per- 
formed simultaneously for the cylinder undergoing the 
intake stroke and the cylinder undergoing the exhaust 
stroke when the cylinder-stroke identification signal is 
input. In the extremely low temperature range in which 

20 the water temperature TWINT at startup of cranking is 
lower than the second predetermined temperature of 
-15 °C, fuel Injection is performed only for the cylinder 
undergoing the exhaust stroke. 
[0174] Thereafter, fuel injection is performed sequen- 

25 tially on each occasion a cylinder-stroke identification 
signal is input until the accumulated number of REFsig- 
nal inputs reaches a value of four. However when the 
water temperature TWINT at startup of cranking is not 
lower than the second predetermined temperature of - 

30 1 5 **C, fuel injection is performed for the cylinder under- 
going the exhaust stroke when the cylinder-stroke iden- 
tification signal is input. In the extremely low tempera- 
ture range In which the water temperature TWINT at 
startup of cranking is lower than the second predeter- 

35 mined temperature of -1 5 *G, fuel injection for the cylin- 
der undergoing the intake stroke is performed when a 
cylinder-stroke identification signal is input. 
[0175] When the accumulated number of HEF signal 
inputs reaches the value of four, fuel injection for normal 

^0 operation period is performed sequentially for each cyl- 
inder. In this fuel injection, firstly the fuel injection end 
timing and the injection pulse width for each cylinder are 
determined. Then the fuel injection start timing is deter- 
mined by subtracting the injection pulse width from the 

45 fuel injection end timing. 

[0176] This fuel injection is performed for each cylin- 
der that undergoes the exhaust stroke when the water 
temperature TWINT at startup of cranking is not lower 
than the second predetermined temperature of -15 °0, 

50 In the extremely low temperature range In which the wa- 
ter temperature TWINT at startup of cranking is lower 
than the second predetermined temperature of -15 °G, 
however, fuel injection is performed in response to the 
engine rotation speed. That is to say, when the engine 

55 rotation speed is less than the predetermined speed, fu- 
el injection is perfonmed for the cylinder undergoing the 
intake stroke. After the engine rotation speed reaches 
the predetermined rotation speed, fuel injection Is per- 
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formed for the cylinder undergoing the exhaust strol^e 
in the same manner as when the water temperature 
TWINTat startup of cranking is note lower than the sec- 
ond predetermine temperature of -15 **C. 
[0177] Referring to FIGs. 15! - 15L, FIGs. 161 - 16L 
and FIGs. 171 - 17L, the first combustion takes place in 
cylinder #1 . When the first cylinder-stroke identification 
signal is input to the controller 1 , the cylinder #1 is un- 
dergoing the intake stroke. If the primary fuel injection 
is not performed for the cylinder undergoing the intake 
stroke, only the fuel injected by the preliminary fuel in- 
jection is burnt by the first combustion in the cylinder #1 . 
This may result in an extremely lean air-fuel ratio of the 
air-fuel mixture and make the combustion unstable, 
[0178] According to this invention, however, the pri- 
mary fuel injection for the cylinder in the intake stroke is 
performed in any temperature range, so every cylinder 
undergoes fuel injection other than the preliminary fuel 
injection before it performs the first combustion. As a 
result, insufficiency of fuel in a specific cylinder when 
cranking the engine 2 is prevented, and the stability of 
combustion of the engine 2 during crank up is increased. 
As a result, the time required for cranking can be short- 
ened and toxic components in the exhaust gas dis- 
charged from the engine 2 during start-up are also re- 
duced. 

[0179] Furthermore, since the preliminary fuel injec- 
tion IS performed for all the cylinders in the low temper- 
ature range and the extremely low temperature range 
before the input of the first cylinder-stroke identification 
signal, fuel injection amount required for the first com- 
bustion is ensured in every cylinder irrespective of the 
water temperature at startup of cranking. 
[0180] Next a second embodiment of this invention 
will be described. 

[0181] This embodiment Is related to the application 
of this invention to a four-stroke cycle V-type eight-cyl- 
inder engine provided with cylinders #1 - #8. In this 
eight-cylinder engine, the PHASE signal is input into the 
controller 11 every time when the engine rotates ninety 
degrees in the order of #1 -#8-#7-#3-#6-#5-#4-#2. In the 
following description, the components of the engine that 
are Identical to those of the engine 1 of the first embod- 
iment will have the same numerals. 
[01 82] In this eight-cylinder engine, providing that the 
cylinders #1 and #8 are in the exhaust stroke when the 
preliminary fuel Injection is performed for all the cylin- 
ders, the cylinders #4 and #2 are in the Intake stroke. 
During the intake stroke, the intake valve 1 8 is open, so 
the fuel injected from the fuel injector 15 Is immediately 
aspirated into the combustion chamber 6 and most of 
the fuel is discharged from the combustion chamber 6 
from the exhaust valve 1 9 when it opens in the following 
exhaust stroke. As for the other cylinders, the prelimi- 
nary fuel Injection is performed with the intake valve 19 
closed, so the fuel injected from the fuel injector 15 will 
not be aspirated into the combustion chamber until the 
intake valve 1 8 opens. Thus, the fuel injected by the pre- 



liminary fuel injection for these cylinders will not be dis- 
charged from the combustion chamber In these cylin- 
ders in the next exhaust stroke. 
[01 83] Even In for the cylinders #4 and #2, if the pre- 
5 liminary fuel injection is performed in the later period of 
the intake stroke, most of the fuel wilt remain in the in- 
take port 7 without being aspirated into the combustion 
chamber 6 due to the reason that the intake valve 1 8 
closes immediately after the preliminary fuel injection. 
10 In the case of a four-cylinder engine as that of the first 
embodiment, the intake stroke of a cylinder does not 
overlap with that of the other cylinders. In a four-cylinder 
engine, therefore, it is possible to set the fuel Injection 
timing of the preliminary fuel injection to prevent the in- 
15 jected fuel form being discharged from the exhaust 
valve 19 when it opens in the exhaust stroke. 
[0184] In an engine provided with more than five cyl- 
inders, however, overlapping of the intake stroke be- 
tween two cylinders Is inevitable as shown in FIGs. 26J 
and 26K where the preliminary fuel injection is per- 
formed when the cylinder #4 is in a later period in the 
Intake stroke and the cylinder #2 is in an earlier period 
in the same stroke. 

[01 85] In such a multi-cylinder engine, it is impossible 
to prevent the injected fuel from being discharged from 
every cylinder only by only the setting of the fuel injection 
timing. As a result, in this eight-cylinder engine, when 
the first combustion is performed in these cylinders #4 
and #2, the air-fuel ratio of the air-fuel mixture will be 
leaner than in the other cylinders and ignition failure may 
be anticipated. 

[01 86] This embodiment prevents the air-fuel ratio of 
the mixture from becoming lean when the first combus- 
tion takes place in these cylinders by increasing the fuel 
injection amount in the starting period in these cylinders. 
[0187] As can be understood from FIGs. 26D - 26K, 
the cylinders #2 and #4 are the last and the second last 
cylinders amount the eight cylinders #1 - #8 in view of 
the order of the first combustion when the engine is 
cranked up. It should be noted that in these cylinders, 
the spark plug 1 4 sparks in the first compression stroke, 
but since it is before the fuel injection In the starting pe- 
riod, there is not enough fuel in the cylinder, so combus- 
tion is not take place with the first spark in these cylin- 
ders #2 and #4. 

[01 88] Referring now to FIGs. 1 8 - 20, the above con- 
trol by the controller 1 will be described. In this embod- 
iment also, the controller performs the main routine of 
FIG. 3 and the subroutines of FIGs. 4, 7 - 12 and 14 as 
in the case of the first embodiment. The description of 
these routine and subroutines are omitted. 
[0189] According to this embodiment, the controller 
31 performs a subroutine shown in FIG. 18 in the step 
S8 of FIG. 4 instead of the subroutine of FIG. 5 of the 
first embodiment, for the fuel injection control in the pre- 
liminary and starting periods in the normal and low tem- 
perature range. The controller 31 performs a subroutine 
shown in FIG. 1 9 in the step S9 instead of the subroutine 
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of FIG. 6 of the first embodiment, for the fuel injection 
control in the extremely low temperature range. The 
controller 1 performs a subroutine shown in FIG. 20 in 
the step S33 of FIG. 1 0 instead of the subroutine of FIG. 
1 3 of the first embodiment, for calculating the fuel injec- 
tion pulse width of the secondary fuel injection in the 
starting period. 

[0190] The subroutine of FIG. 18 for controlling fuel 
injection in the preliminary period and starting period in 
the normal and low temperature range differs from that 
of FIG. 5 only in that a step S116 is provided after the 
step SI 4 for performing the primary fuel injection in the 
starting period. In the step S1 16, the controller 1 identi- 
fies cylinders H0SCYL1 and HOSCVL2 that were in the 
intake stroke when the preliminary fuel injection took 
place. The process of the other steps S11 - SI 5 is iden- 
tical to that of the subroutine of FIG. 5. 
[0191] The subroutine of FIG. 19 for controlling fuel 
injection in the extremely low temperature range differs 
from that of FIG. 6 only in that a step SI 21 is provided 
after the step SI 9 for performing the primary fuel injec- 
tion in the starting period. In the step SI 21 , the controller 
1 identifies the cylinders H0SCYL1 and H0SCVL2 as 
in the case of the step S116 of FIG. 18. 
[0192] Herein, the relation of the first cylinder-stroke 
identification signal, the cylinders for which the primary 
fuel injection is performed in the extremely low temper- 
ature range, the cylinders for which the primary fuel in- 
jection is performed in the normal/low temperature 
range, and the above defined cylinders H0SCYL1 and 
H0SCYL2 are summarized in the following TABLE 1 . 
[0193] The cylinders H0SCYL1 and H0SCYL2 can 
be identified not only in an eight-cylinder engine but also 
in any type of engine, as long as the number of the cyl- 
inders and the interval/order of spark ignition are known. 
If this relation is previously stored in the memory of the 
controller 1 , the controller 1 can immediately identify the 
cylinders HOSCYL1 and H0SCYL2 upon receiving the 
first cylinder-stroke identification signal. 
[0194] Next the subroutine of FIG. 20 for calculating 
the fuel injection pulse width of the secondary fuel injec- 
tion in the starting period will be described. 
[0195] In addition to the steps S51 - S57 which are 
identical to those of the subroutine of FIG. 13, this sub- 
routine is further provided with steps SI 58 - SI 60. 
[01 96] When the preliminary fuel injection pulse width 
TiSTI is not zero in the step S55, the controller 1 deter- 
mines if the fuel injection on the next occasion is for the 
cylinder H0SGYL1 in a step SI 58. If the determination 
result of the step S158 is negative, the controller 1 de- 
termines if the fuel injection on the next occasion is for 
the cylinder H0SGYL2 in a step SI 61. 
[0197] If the determination result in the step SI 61 is 
negative, the controller 1 sets the secondary fuel injec- 
tion pulse width in the step S57 as in the case of the 
subroutine of FIG. 13. 

[0198] If on the other hand, any of the determination 
results in the step SI 58 and SI 61 is affirmative, the con- 



troller 1 applies an increase correction of the secondary 
fuel injection pulse width TIST3 by adding the prelimi- 
nary fuel injection pulse width 7/577 to the value calcu- 
lated in the step S54, and set the resultant value as the 

5 secondary fuel Injection pulse width 7/S73. 

[01 99] In a next step S 1 60, the controller 1 selects the 
larger of the target fuel injection pulse width TIPS that 
was read in the step S51 and the secondary fuel injec- 
tion pulse width 7/S 73 corrected in the step SI 59 as the 

10 secondary fuel injection pulse width to be commanded 
to the fuel injector 15. 

[0200] Due to the above process, when the secondary 
fuel injection for the cylinders #4 and #2 is performed, 
a larger amount of fuel is injected compared with the 
15 secondary fuel injection for the other cylinders, so the 
air-fuel ratio of the air-fuel mixture in these cylinders is 
prevented from becoming lean when they perform the 
first combustion. 

[0201] Next, referring to FIGs. 21 - 25 and FIGs. 26A 
- 260, a third embodiment of this invention will be de- 
scribed. 

[0202] This embodiment differs from the second em- 
bodiment in that the secondary fuel injection pulse width 
for the cylinder H0SCYL1 and that for the cylinder 
H0SCYL2 are set to have different values. The rate of 
fuel amount discharged from the exhaust valve 1 9 with 
respect to the preliminary fuel injection amount depends 
on the timing of the preliminary fuel injection. The rate 
decreases as the timing of the preliminary fuel injection 
becomes later in the intake stroke. 
[0203] In this embodiment, therefore, different correc- 
tion values are applied in the calculation of the second- 
ary fuel injection amount for the cylinder H0SCYL1 and 
In the calculation of the secondary fuel injection amount 
for the cylinder HOSCYL2. The other part of the control 
is identical to that of the second embodiment. 
[0204] FIG. 21 shows a subroutine that replaces the 
subroutine of FIG. 18 of the second embodiment for con- 
trolling fuel injection in the preliminary and starting pe- 
riods in the normal and low temperature range. 
[0205] In this subroutine, steps S21 7 - S21 9 are add- 
ed after the step SI 2 of FIG. 18. 
[0206] The controller 1 , after performing the prelimi- 
nary fuel injection for all the cylinders in the step SI 2, 
resets a counter value TIMHOS to zero in the step S21 7. 
The counter value TIMHOS is a value for measuring an 
elapsed time from when the preliminary fuel injection 
was started. 

[0207] In the next step S218, the controller resets a 
crank angle counter value DEGHOS to zero. The crank 
angle counter value DEGHOS is a value for measuring 
a current crank angle relative to the crank angle when 
the preliminary fuel injection was started. 
[0208] In the next step S219, the controller sets a 
count flag FCOUNTan6 a detemiination flag FHOSIto 
unity. The count flag FCOUNTshoviS whether or not the 
counting of the elapsed time is being carried, and the 
determination flag FHOS1 shows whether or not the 
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crank angle counter value DEGHOS has reached a pre- 
determined angle. 

[0209] As mentioned hereinabove, even in the cylin- 
der where the preliminary fuel injection is performed In 
the intake stroke, the injected fuel is not aspirated into 
the combustion chamber 6 if the injection is performed 
immediately before the closing of the intake valve 18. 
The predetermined angle is a threshold value to deter- 
mine if the injected fuel is aspirated into the combustion 
chamber 6. 

[021 0] In the cylinder where the preliminary fuel injec- 
tion is performed in the intake stroke, fuel injected during 
a period when the determination flag FHOS1 is zero is 
considered to be aspirated into the combustion chamber 
6, but fuel injected after the determination flag FH0S1 
has changed to unity is considered not to be aspirated 
into the combustion chamber 6. The initial values of the 
count flag FCOUNT and the determination flag FH0S1 
are both zero. 

[0211] FIG, 22 shows a subroutine that replaces the 
subroutine of FIG. 1 9 of the second embodiment for con- 
trolling fuel injection in the extremely low temperature 
range. 

[0212] In this subroutine, steps S222 - S224 are add- 
ed after the step S17 of the subroutine of FIG. 19. The 
process of the steps S222 - S224 is identical to that of 
the step S21 7 - S21 9 in FIG. 21 . 
[0213] FIG. 23 shows a routine for calculating a fuel 
amount in pulse width which is discharged from the ex- 
haust valve 1 9 of the cylinder which had preliminary fuel 
injection in the intake stroke. The pulse width calculated 
by this routine constitutes a secondary fuel injection cor- 
rection value TIST3H0ST.The controller 1 repeats this 
routine at an interval of one degree in crank angle based 
on the POS signal from the crank angle sensor 9. 
[0214] In a first step S270, the controller 1 determines 
if the count flag FCOUNT ls not unity. When the count 
flag FCOUNT is not unity, it means that the measure- 
ment of the elapsed time is not being performed, and 
the controller 1 immediately terminates the routine with- 
out proceeding to further steps. 
[0215] When on the other hand, the count flag 
FCOUNTls unity, the controller 1 determines if the crank 
angle counter value DEGHOS has reached a predeter- 
mined angle DEGLIM2 in a step S271 . 
[0216] When the crank angle counter value DEGHOS 
has not reached the predetermined angle DEGLIM2, the 
controller 1 increments the crank angle counter value 
DEGHOS in a next step S272. 
[0217] In a next step S273, the controller 1 compares 
the crank angle counter value DEGHOS with a prede- 
termined angle DEGLIM1. In an eight-cylinder engine. 
DEGLIM1 is equal to DEGLIM 2 mmus ninety degrees. 
[021 8] When the crank angle counter value DEGHOS 
has not reached the predetermined angle DEGLIMI, the 
controller 1 terminates the routine without proceeding to 
further steps. 

[0219] The intake stroke of the cylinder H0SCYL1 is 



ninety degrees advanced from that of the cylinder 
H0SCYL2. 

[0220] The fuel injected by the preliminary fuel injec- 
tion for the cylinder H0SCYL2 before the crank angle 
5 counter value DEGHOS reaches the predetermined an- 
gle DEGLIM2 Is aspirated into the combustion chamber 
6 of the cylinder H0SCYL2 in the intake stroke, and dis- 
charged from the exhaust valve 1 9 in the exhaust stroke. 
[0221] The fuel injected by the preliminary fuel injec- 
ts tion for the cylinder H0SCYL2 after the crank angle 
counter value DEGHOS has reached the predetermined 
angle DEGLIM2 is not aspirated into the combustion 
chamber 6 of the cylinder H0SCYL2 in the intake stroke. 
This fuel is aspirated Into the combustion chamber 6 on 
15 the next occasion when the cylinder H0SGYL2 per- 
forms the intake stroke and used for the first combustion 
in the cylinder H0SCYL2. 

[0222] Similarly, the fuel injected by the preliminary fu- 
el injection for the cylinder HOSCYL1 before the crank 

20 angle counter value DEGHOS reaches the predeter- 
mined angle DEGLIM 1 is aspirated into the combustion 
chamber 6 of the cylinder H0SCYL1 and discharged 
from the exhaust valve 19 when this cylinder performs 
the exhaust stroke. The fuel injected by the preliminary 

25 fuel injection for the cylinder H0SCYL1 after the crank 
angle counter value DEGHOS has reached the prede- 
termined angle DEGLIM1 is used for the first combus- 
tion in the cylinder H0SCYL1 . 
[0223] All the fuel injected for the cylinder H0SGYL1 

30 before the crank angle counter value DEGHOS reaches 
the predetermined angle DEGLIM 1 and all the fuel in- 
jected for the cylinder H0SCYL2 before the crank angle 
counter value DEGHOS reaches the predetermined an- 
gle DEGLIM2 are discharged from the exhaust valve 1 9 

35 and not used for the first combustion in these cylinders. 
In this case, therefore, the controller 1 terminates the 
routine without performing further steps. 
[0224] When the crank angle counter value DEGHOS 
has reached the predetermined angle DEGLIM1 in the 

40 step S273, the controller 1 performs the process of steps 
S274 - S279. 

[0225] First, in the step S274. the controller 1 deter- 
mines if the determination flag FHOS1 is unity. When 
the determination flag FH0S1 Is not unity, the controller 
45 1 terminates the routine without proceeding to further 
steps. 

[0226] The determination flag FHOS1 as well as the 
count flag FCOUNT are set to unity in the step S219 of 
FIG. 21 or the step S224 of FIG. 22. Accordingly, when 
50 the count flag FCOUNT is determined to have a value 
of unity in the step S270, the determination flag FHOS1 
also has a value of unity. 

[0227] When the crank angle counter value DEGHOS 
exceeds the predetermined crank angle DEGLIM1 in 
55 this state, the controller 1 resets the determination flag 
FHOS1 fozero In the step S275. In the next and subse- 
quent occasion when this routine is performed, the proc- 
ess of the steps S275 - S279 is not performed, because 
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the determination flag FHOS1 is zero. In other words, 
the process of the steps S275 - S279 is performed only 
once immediateiy after the crank angle counter value 
DEGHOS has exceeded the predetermined angle 
DEGLIM1. 5 
[0228] After resetting determination flag FHOS1 to 
zero In the step S275, the controller 1 reads the counter 
value TIMHOS in the step S276 and compares it with 
the preliminary fuel injection pulse width TIST1. When 
the counter value TIMHOS is smaller than the prellmi- io 
nary fuel Injection pulse width TtST1, It means that the 
preliminary fuel injection is still being performed when 
the crank angle counter DEGHOS has exceeded the 
predetermined angle DEGLIM. In this case, fuel amount 
equivalent to the counter value TIMHOS out of the pre- is 
liminary fuel injection amount TIST1 Is discharged from 
the exhaust valve 1 9. So the controller 1 sets a second- 
ary fuel injection pulse width correction value 
TIST3H0S1 for the cylinder H0SCYL1 to be equal to 
the counter value TIMHOS in the step S278. 20 
[0229] When on the other hand the counter value TIM- 
HOS is not smaller than the preliminary fuel injection 
pulse width TIST1, it means that the preliminary fuel in- 
jection has been completed before the crank angle 
counter DEGHOS exceeds the predetermined value 2S 
DEGLIM1. In this case, all the fuel injected by the pre- 
liminary fuel injection will be discharged from the ex- 
haust valve 19. So the controller 1 sets the secondary 
fuel injection pulse width correction value TIST3H0S1 
for the cylinder H0SCYL1 to be equal to the preliminary 30 
fuel injection pulse width TIST1 in the step S279. 
[0230] After the process of the step S278 or S279, the 
controller 1 temiinates the routine. 
[0231 ] When the crank angle counter DEGTHOS has 
reached the predetermined crank angle DEGLIM2\n the 35 
step 8271 , the controller 1 performs the process of steps 
8280 - 8284, 

[0232] First, in the step 8280, the controller 1 resets 
the counter flag FCOUNTto zero such that the routine 
would not substantially be performed thereafter. After 40 
the process of the step 8280. the controller determines 
a secondary fuel injection pulse width correction value 
TIST3H0S2 for the cylinder H08CYL2 by performing a 
process of the steps 8281 - 8283 in the same manner 
as that of the step 8277 - 8279. After the process of the 45 
steps 8281 - 8283, the controller 1 terminates the rou- 
tine. 

[0233] FIG. 24 shows a counting routine of the coun- 
ter value TIMHOS, The controller performs this routine 
at a regular interval DT The regular Interval DT\s herein so 
set to ten milliseconds. 

[0234] In a first step 8290, the controller determines 
if the count flag FCOUNThas a value of unity. When the 
counter flag FCOUNTls not unity, it means that the cal- 
culation of the secondary fuel injection pulse width cor- ss 
rection values TIST3HOS1 and TIST3HOS2 Is not be- 
ing performed. So, the controller 1 terminates the rou- 
tine without proceeding to a next step 8291 . 



[0235] When the counter value FCOUNThas a value 
of unity, the controller 1 increases the counter value 
TIMHOS by the increment of DT After the process of 
the step 8291 , the controller 1 temiinates the routine. 
[0236] FIG. 25 shows a subroutine which the control- 
ler 1 performs instead of the subroutine of FIG. 20 of the 
second embodiment for the calculation of the secondary 
fuel injection pulse width in the starting period. 
[0237] The steps 851 - 857 and the steps 8158 and 
8261 in this subroutine are identical to those of the FIG. 
20. In this subroutine, steps 8259, 8260, S262 and 
S263 are newly provided instead of the steps 81 59 and 
8160 of FIG. 20. 

[0238] When it is determined that the secondary fuel 
injection on the next occasion will be performed for the 
cylinder H08CYL1, the controller 1 performs an In- 
crease correction of the secondary fuel injection pulse 
width r/Srafor the cylinder H0SCYL1 by the secondary 
fuel injection pulse width correction value TIST3HOS1 
that was calculated by the routine of FIG. 23. 
[0239] In a next step 8260, the larger of the value 
{TIPS ' (TIST1 - TIST3HOS1} and the secondary fuel 
injection pulse width T/S 73 corrected in the step 8259 
is set as the secondary fuel injection pulse width for the 
cylinder H08CYL1 . Herein TIPS is the fuel Injection 
pulse width that was read in the step 851 and TIST1 is 
the preliminary fuel injection pulse width set in the sub- 
routine of FIG. 11 . After the process of the step 8260, 
the controller 1 terminates the subroutine. 
[0240] When It Is determined that the secondary fuel 
injection on the next occasion will be performed for the 
cylinder H08CYL2 in the step 81 61 , the controller 1 per- 
forms an increase correction of the secondary fuel in- 
jection pulse width 7/573 for the cylinder H0SCYL2 by 
the secondary fuel Injection pulse width correction value 
TIST3HOS2 that was calculated by the routine of FIG. 
23. 

[0241] In a next step 8263, the larger of the value 
{TIPS - {TIST1 - TIST3H0S2i and the secondary fuel 
injection pulse width 7/S 73 corrected in the step 8262 
is set as the secondary fuel Injection pulse width for the 
cylinder H08GYL2. After the process of the step 8263, 
the controller 1 terminates the subroutine. 
[0242] According to this embodiment, with respect to 
the cylinders H0SGYL1 and H08CYL2 which undergo 
the preliminary fuel injection in the intake stroke, the 
amount of fuel that would be discharged from the ex- 
haust valve 19 is calculated 

[0243] based on the crank angle counter value 
DEGHOS which represents the crank angle from the 
start of the preliminary fuel injection. The controller 1 
sets the secondary fuel injection pulse width correction 
values TIST3HOS1 and TIST3HOS2 to be equivalent 
to the fuel amount that would be discharged from the 
exhaust valve 19 of the cylinders HOSCYL1 and 
H08CYL2 respectively. These correction values are 
then added to the secondary fuel Injection pulse width 
7/S73. 
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[0244] Referring now to FIGs. 26fA - 260, providing 
that the cylinder-stroke identification signal detects a 
specific position in the later period of the compression 
stroke of each cylinder, and the first cylinder-stroke iden- 
tification signal corresponds to the specific position of 5 
the cylinder #5, the preliminary fuel injection is per- 
formed for the cylinders #4 and #2 when they are in the 
intake stroke. 

[0245] Although the timing charts of FIGs. 26fA - 260 
describe the situation in the low temperature range, the io 
same correction is applied In the extremely low temper- 
ature range with respect to the calculation of the sec- 
ondary fuel injection amount for the cylinder H0SCYL1 
and that for the cylinder H0SCYL2. The timing charts 
for the extremely low temperature range is therefore i5 
omitted herein. 

[0246] The fuel Injected in the state where the Intake 
valve 18 Is open Is immediately aspirated into the com- 
bustion chamber 6 and discharged when the cylinder 
performs the exhaust stroke. 20 
[0247] It should be noted that in the cylinders #4 and 
#2, the spark plug 14 sparks in the compression stroke 
before the cylinders perform the exhaust stroke, but 
since there is not enough fuel in these cylinders to form 
a combustible air-fuel mixture, the fuel aspirated into 25 
these cylinders are not burned and discharged from the 
exhaust valve 19 in the exhaust stroke that follows. 
[0248] The controller 1 calculates the secondary fuel 
injection pulse width correction values TIST3H0S1 and 
TIST3HOS2 for compensating the discharged amount so 
of fuel from these cylinders #4 and #2, and increases 
the secondary fuel injection amount for the cylinders #4 
and #2 by these correction values respectively. 
[0249] Due to the above process, the air-fuel ratio of 
the air-fuel mixture that is burned by the first combustion 35 
is maintained at a preferable level even in a cylinder 
where the whole or a part of the fuel injected by the pre- 
liminary fuel injection is discharged before the first com- 
bustion takes place. 

[0250] Next, referring to FIG. 27, a fourth embodiment 40 
of this invention will be described. 
[0251] According to this embodiment, in addition to 
the control process of the third embodiment, a wall flow 
correction of the secondary fuel injection pulse width 
TIST3 for the cylinders H0SCYL1 and H0SCYL2 in the 45 
starting period is further performed. 
[0252] In the third embodiment, It is considered that 
whole of the fuel Injected for the cylinder H0SCYL1 be- 
fore the crank angle counter value DEGHOS reaches 
the predetermined angle DEGLIM 1 and whole of the fuel so 
injected for the cylinder HOSCYI_2 before the crank an- 
gle counter value DEGHOS reaches the predetermined 
angle DEGLIM2 are discharged before the first combus- 
tion takes place. In reality, however, a part of the fuel 
injected in this period will remain in the Intake port 7 In ss 
the form of a wall flow and be burned when the cylinder 
performs the first combustion. The rate of the generation 
of wall flow with respect to the total preliminary fuel in- 



jection amount depends on the temperature of the en- 
gine. 

[0253] In this embodiment, the controller 1 deter- 
mines a wall flow correction coefficient HOSW accord- 
ing to the water temperature TWINT at the startup of 
cranking, and corrects the secondary fuel injection pulse 
width correction values TIST3H0S1 and TIST3HOS2 
using the wall flow correction coefficient HOSW. 
[0254] In order to realize the above control, the con- 
troller 1 performs a subroutine shown in FIG. 27 Instead 
of the subroutine of FIG. 23 of the third embodiment for 
calculating the fuel amount which is discharged from the 
exhaust valve 19. 

[0255] Describing this subroutine in comparison with 
the subroutine of FIG. 23, a step S385 is provided be- 
tween the steps S276 and S277, a step S378 Is provided 
for replacing the step S278, and a step S379 is provided 
for replacing the step S279. Similarly, a step S386 is pro- 
vided between the steps S281 and S282, a step S383 
is provided for replacing the step S283 and a step S284 
is provided for replacing the step S284. 
[0256] The process of the step S385 and that of the 
step S386 are identical. Specifically, the wall flow cor- 
rection coefficient HOSWls looked up in a map of which 
the characteristics are shown in the figure from the water 
temperature TWINT. The map is previously stored in the 
memory of the controller 1 . 

[0257] In the step S378, the controller 1 sets a value 
obtained by multiplying the counter value TIMHOS by 
the wall flow correction coefficient HOSWls set as the 
secondary fuel injection pulse width correction value 
TIST3HOS1 for the cylinder H0SCYL1. In the step 
S379, a value obtained by multiplying the preliminary 
fuel injection pulse width TIST1 by the wall flow correc- 
tion coefficient HOSWls set as the secondary fuel In- 
jection pulse width correction value TIST3HOS1 for the 
cylinder H0SCYL1 . 

[0258] Likewise, in the step S383, a value obtained 
by multiplying the counter value TIMHOS by the wall 
flow correction coefficient HOSW ls set as the second- 
ary fuel injection pulse width correction value 
TIST3HOS2 for the cylinder HOSCYL2. In the step 
S384, a value obtained by multiplying the preliminary 
fuel injection pulse width TIST1 by the wall flow correc- 
tion coefficient HOSW is set as the secondary fuel In- 
jection pulse width correction value TIST3H0S2 for the 
cylinder HOSCYL2. 

[0259] According to this embodiment, the air-fuel ratio 
of the air-fuel mixture that is burned by the first combus- 
tion In the cylinders H0SCYL1 and H0SCYL2 can be 
controlled more precisely. 

[0260] Next, referring to FIGs. 28A - 28C and FIGs. 
29 - 31 , a fifth embodiment of this Invention will be de- 
scribed. 

[0261] Referring to FIGs. 28A - 28C, when the water 
temperature TWINT of the engine at startup of cranking 
is low, the required fuel injection pulse width TIPS is 
large because injected fuel is not quickly atomized. On 
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the other hand, when the water tenr^perature of the en- 
gine is low, frictional resistance of the engine is also 
large, so the cranking rotation speed is lowered. As a 
result, the maximum fuel injection amount that the fuel 
injector 8 can inject in one injection increases. However, 
since the former phenomenon affects largely to the fuel 
Injection control than the latter, the required fuel injec- 
tion pulse width exceeds the maximum possible injec- 
tion pulse width of the fuel injector 8, when the water 
temperature TWINTat startup of cranking is lower than 
a threshold temperature Tw1. As described herein- 
above, the preliminary fuel injection has a meaning of 
previously compensating this deficiency in fuel injection 
pulse width. 

[0262] When the water temperature TWINTat startup 
of cranking is high, the required fuel injection pulse width 
is smaller than the maximum possible injection pulse 
width of the fuel injector 8. When the water temperature 
TWINTat startup of cranking is higher than the prede- 
termined temperature Tw1, the basic value TIST1 for the 
preliminary fuel Injection pulse width will be zero as 
shown in FIG. 28B. Accordingly, the preliminary fuel in- 
jection pulse width TIST1 will be zero. 
[0263] Referring to FIG. 28C, a predetermined tem- 
perature riv2 corresponds to the temperature where the 
preliminary fuel injection pulse width TIST1 is equal to 
the minimum fuel Injection pulse width TEMIN that the 
fuel injector 8 can inject. 

[0264] When the water temperature at the cranking 
start TWINT Is between the values Twi and Tw2, the 
preliminary fuel injection pulse width TIST1 is not zero 
but smaller than the minimum fuel injection pulse width 
TEMIN. In this case, according to the aforementioned 
first - fourth embodiments, the preliminary fuel injection 
Is not performed, but the pulse width corresponding to 
the preliminary fuel Injection pulse width TIST1 Is stored 
in the memory of the controller 1 as a memorized pulse 
width TIST1M and it is added later to the fuel injection 
pulse widths 7/572 and TISTS 'm the starting period. 
[0265] Herein, the maximum value that can be added 
to the fuel injection pulse widths TIST2 and TIST3 Is 
equal to the minimum fuel injection pulse width TEMIN. 
It is therefore necessary to ensure that the total pulse 
width of TIST2 or TIST3 and the minimum fuel injection 
pulse width TEMIN should not exceeds the maximum 
possible fuel injection pulse width of the fuel injector 8. 
A process performed by the controller 1 to ensure the 
above control would be somewhat complicated. 
[0266] In this embodiment, as shown in FIG. 28C, the 
controller 1 is programmed to control the fuel injector 8 
to perform the preliminary fuel injection with a fuel injec- 
tion pulse width equal to the minimum fuel injection 
pulse width TEMIN when the preliminary fuel injection 
pulse width TIST1 is smaller than the minimum fuel in- 
jection pulse width TEMIN oi the fuel injector 8, and the 
difference between the minimum fuel injection pulse 
width and the preliminary fuel injection pulse width is 
subtracted from the pulse widths TIST2 and TIST3 in 



the starting period respectively. 
[0267] Next, referring to FIGs. 29 - 31 , the control 
process for the above control is described. The engine 
to which this embodiment Is applied Is a four-stroke cy- 
5 cle four-cylinder engine that is identical to the engine 1 
to which the first embodiment is applied. 
[0268] In this embodiment, the controller 1 performs 
a subroutine of FIG. 29 instead of the subroutine of FIG. 
1 1 , performs a subroutine of FIG. 30 instead of the sub- 
10 routine of FIG. 1 2, and performs a subroutine of FIG. 31 
instead of the subroutine of FIG. 13. 
[0269] The subroutine of FIG. 29 corresponds to that 
of FIG. 11 wherein the step S42 Is replaced by a step 
SI 42 and a step SI 44 is newly introduced. 
15 [0270] Referring to FIG. 29, when the preliminary fuel 
injection pulse width 7/S77 is smaller than the minimum 
fuel injection pulse width TEMIN in the step S40, the 
controller 1 determines if the preliminary fuel injection 
pulse width TIST1 has a value of zero in a step SI 44. 
[0271 ] When the preliminary fuel injection pulse width 
TIST1 is not smaller than the minimum fuel injection 
pulse width TEMIN In the step S40, or when the prelim- 
inary fuel injection pulse width TIST1 has a value of zero 
in the step SI 44, the controller 1 proceeds to the last 
step S43. 

[0272] When on the other hand the preliminary fuel 
injection pulse width 7/57/ does not have a value of ze- 
ro in the step SI 44, the controller 1 sets the stored value 
TIST1M to be equal to the preliminary fuel Injection 
pulse width 7/57/ as in the case of the first embodiment, 
but sets the preliminary fuel injection pulse width 7/57/ 
equal to the minimum fuel Injection pulse width TEMIN 
In a following step S142. 

[0273] In the last step S43, the controller 1 sets the 
preliminary fuel injection pulse width that will actually be 
commanded to the fuel injector 8 equal to the value of 
7/57/ that has been set in the step S38 or step S142. 
After performing the process of the step S43, the con- 
troller 1 terminates the subroutine. 
[0274] The subroutine of FIG. 30 corresponds to the 
subroutine of FIG. 12 wherein the step S48 is replaced 
by a step S148 and the step S49 is replaced by a step 
SI 49. 

[0275] In the step S 1 48, the controller 1 determines if 
the preliminary fuel Injection pulse width 7/57/ Is equal 
to the minimum fuel injection pulse width TEMIN. 
[0276] When the preliminary fuel injection pulse width 
7/57/ Is not equal to the minimum fuel injection pulse 
width TEMIN'm the step SI 48, the controller 1 performs 
the process of the last step S50 as in the case of the 
first embodiment. 

[0277] When the preliminary fuel injection pulse width 
7/57/ is equal to the minimum fuel injection pulse width 
TEMIN in the step SI 48, the controller 1 sets a value 
obtained by subtracting a difference of the minimum fuel 
Injection pulse width TEMIN and the stored value 
TIST1M irom the preliminary fuel injection pulse width 
7/572 as a new primary fuel injection pulse width 7/572 
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in the step SI 49. After the process of the step SI 49, the 
controller proceeds to the last step S50 where the pri- 
mary fuel injection pulse width that will actually be com- 
manded to the fuel injector 8 is set In a similar way as 
in the first embodiment, and terminates the subroutine. 5 
[0278] The subroutine of FIG. 31 corresponds to sub- 
routine of FIG. 13 wherein the step S55 is replaced by 
a step si 55 and the step S56 is replaced by a step 81 56. 
[0279] In the step 8155, the controller 1 determines if 
the preliminary fuel Injection pulse width TIST1 is equal io 
to the minimum fuel injection pulse width TEMIN. 
[0280] When the preliminary fuel injection pulse width 
7/577 is not equal to the minimum fuel injection pulse 
width TEMIN m the step 8155, the controller 1 performs 
the process of the last step 857 as In the case of the i5 
first embodiment. 

[0281] When the preliminary fuel injection pulse width 
TIST1 is equal to the minimum fuel injection pulse width 
TEMIN in the step 8155, the controller 1 sets a value 
obtained by subtracting a difference of the minimum fuel 20 
injection pulse width TEMIN and the stored value 
TIST1M from the secondary fuel injection pulse width 
7/573 as a new secondary fuel injection pulse width in 
the step 8156. After the process of the step 8156, the 
controller proceeds to the last step 857 where the sec- 25 
ondary fuel injection pulse width that will actually be 
commanded to the fuel injector 8 is set in a similar way 
as in the first embodiment, and terminates the subrou- 
tine. 

[0282] According to this embodiment, the necessary 30 
fuel supply amount for the first combustion is ensured 
in each cylinder, so the stable first combustion in each 
cylinder Is realized. 

[0283] Next, referring to FIG. 32, a sixth embodiment 
of this Invention will be described. 35 
[0284] The fuel injector 8 operates by the electric cur- 
rent supplied from a battery that is mounted on the ve- 
hicle. According to the abovedescribed embodiments, 
the minimum fuel Injection amount TEMiNofXhe fuel In- 
jector 8 is considered to be a fixed value, but the mini- 40 
mum fuel Injection amount TEMIN actually varies ac- 
cording to a voltage VB of the battery. If the minimum 
fuel injection pulse width TEMIN is dynamically set ac- 
cording to the voltage VBof the battery, therefore a more 
precise air-fuel ratio control during engine startup will be 
realized. 

[0285] According to this embodiment, as shown in 
FIG. 1, a battery voltage sensor 21 is further provided 
to detect the voltage V^Bof the battery. The controller 1 
performs a subroutine shown in FIG, 32 instead of the so 
subroutine of FIG, 11. 

[0286] The subroutine of FIG. 32 differs from that of 
FIG. 11 in that steps S245 and S239 are provided as a 
replacement of the step 839, a step 8144 is provided 
between the steps 840 and 841 , and a step 8142 is pro- 55 
vided as a replacement of the step S42. 
[0287] The controller 1 reads the voltage VB of the 
battery in the step 8245. looks up a map prestored in 



the memory of the controller 1 1n the following step S239, 
and determines the minimum fuel injection pulse width 
TEMIN from the voltage VB. Herein, the map specifies 
that the value of TEMIN increases as the voltage VB 
lowers as specified in the block of the step 8239. 
[0288] The process of the step 8144 and the step 
8142 is identical to that of the subroutine of FIG. 29 of 
the fifth embodiment. 

[0289] By varying the value of the minimum fuel Injec- 
tion pulse width TEMIN according to the voltage VB of 
the battery in this way, the precision of air-fuel ratio con- 
trol during engine startup is further improved. 
[0290] Setting of the minimum fuel injection pulse 
width TEMIN according to the voltage VB of the battery 
can also be applied to any one of the first through fifth 
embodiments. 

[0291 ] The contents of Tokugan 2001 -246489, with a 
filing date of August 15, 2001 in Japan, are hereby in- 
corporated by reference. 

[0292] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the Invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light of the above teachings. 
[0293] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 



Claims 

1. A fuel injection control device for use with an Inter- 
nal combustion engine (2), the engine (2) compris- 
ing a plurality of cylinders (#1 - #8) which sequen- 
tially perform a combustion of fuel and a starter mo- 
tor which cranks up the engine (2), each of the cyl- 
inders (#1 - #8) having an Intake port (7) and a fuel 
Injector (8) which Injects fuel into the intake port (7), 
and sequentially performing an intake stroke, a 
compression stroke, a expansion stroke and an ex- 
haust stroke, the device comprising: 

a first sensor (13) which detects a start of the 
starter motor; 

a second sensor (9, 11) which detects a cylin- 
der In a specific position in a specific stroke and 
generates a corresponding signal; 
a programmable controller (1) programmed to: 

execute a cylinder-stroke Identification 
identifying a present stroke of each cylin- 
der (#1 - #8) based on the signal generated 
by the second sensor (9, 11) (102); 
control the fuel injectors (8) to simultane- 
ously perform a primary fuel injection for a 
cylinder in the Intake stroke and for a cyl- 
inder In the exhaust stroke simultaneously. 
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on the first execution of the cylinder-stroke 
Identification. 

2. The fuel injection control device as defined in Claim 

1 , wherein the controller (1 ) is further programmed 5 
to control the fuel injectors (8) to sequentially per- 
form a subsequent fuel injection for a cylinder in the 
exhaust stroke on a second and later executions of 
the cylinder-stroke identification (S14), 

10 

3. The fuel Injection control device as defined in Claim 
1 or Claim 2, wherein the controller ( 1 ) is further pro- 
grammed to control the fuel injectors (8) to simulta- 
neously perform a preliminary fuel injection for all 

the cylinders previous to the first execution of the i5 
cylinder-stroke identification (S12, S17). 

4. The fuel injection control device as defined in Claim 

3, wherein the second sensor (9, 11) comprises a 
sensor (9) which generates a reference signal when 20 
any one of the cylinders (#1 - #8) is in the specific 
position in the specific stroke and a sensor (11) 
which identifies a cylinder to which the reference 
signal corresponds, and the controller (1) is further 
programmed to control the fuel injectors (8) to per- 25 
form the preliminary fuel injection between a first 
generation of the reference signal and the first ex- 
ecution of the cylinder-stroke Identification (SI 2, 
S17). 

30 

5. The fuel injection control device as defined In Claim 

4, wherein the controller (1) is further programmed 
to determine if a first combustion In any cylinder has 
been performed (S6), set a start timing of the sub- 
sequent fuel injection according to an elapsed time 35 
from an immediately preceding generation of the 
reference signal until the first combustion is per- 
formed in any cylinder (S 1 5), and set the start timing 

of the subsequent fuel injection through a process 
that an end timing of the fuel injection and a time 40 
period for the fuel injection (S21 , S22) are first de- 
termined and the start timing of the subsequent fuel 
injection is then determined by subtracting the time 
period for the fuel injection from the end timing 
thereof, after the first combustion is performed In 45 
any cylinder (S24). 

6. The fuel injection control device as defined in any 
one of Claim 3 through Claim 5, wherein the con- 
troller (1) is further programmed to calculate a re- so 
quired fuel injection amount required for a first com- 
bustion in each cylinder (S44), calculate a deficien- 
cy from the required fuel amount and a maximum 
possible fuel injection amount of the fuel injector (8), 
and control the fuel injectors (8) to perform the pre- ss 
timinary fuel injection with a fuel amount to compen- 
sate the deficiency (S50. S57). 



7. The fuel injection control device as defined in any 
one of Claim 3 through Claim 6, wherein the device 
further comprises a sensor (4) which detects an in- 
take air amount of the engine (2), and the controller 
(1 ) is further programmed to calculate a required fu- 
el injection amount from the intake air amount (S44) 
and apply the larger of a value obtained by subtract- 
ing an amount of the preliminary fuel injection from 
the required fuel injection amount and a predeter- 
mined primary fuel injection amount to a fuel injec- 
tion amount for the primary fuel injection (S50). 

8. The fuel injection control device as defined In any 
one of Claim 3 through Claim 7, wherein the con- 
troller (1) is further programmed to apply the larger 
of a value obtained by subtracting an amount of the 
preliminary fuel injection from the required fuel in- 
jection amount and a predetermined subsequent fu- 
el injection amount to a fuel injection amount for the 
subsequent fuel Injection (S57). 

9. The fuel injection control device as defined in any 
one of Claim 3 through Claim 8. wherein the con- 
troller (1) is further programmed to calculate a fuel 
injection amount for the preliminary fuel injection 
(S37, S38), compare the fuel injection amount for 
the preliminary fuel injection with a predetermined 
minimum fuel injection amount (S40), prevent the 
preliminary fuel injection from being performed 
when the fuel injection amount for the preliminary 
fuel injection is smaller than the predetermined min- 
imum fuel injection amount (S42), and increase a 
fuel Injection amount for the primary fuel injection 
and a fuel injection amount for the subsequent fuel 
injection for an increment corresponding to the fuel 
injection amount for the preliminary fuel injection 
(S49. S56). 

10. The fuel injection control device as defined in any 
one of Claim 3 through Claim 5, wherein the con- 
troller (1) is further programmed to calculate a fuel 
injection amount for the preliminary fuel injection 
(S37, S38), compare the fuel injection amount for 
the preliminary fuel injection with a predetermined 
minimum fuel Injection amount (S40), correct the fu- 
el injection amount for the preliminary fuel injection 
to be equal to the predetermined minimum fuel in- 
jection amount when the fuel injection amount for 
the preliminary fuel injection is smaller than the pre- 
determined minimum fuel injection amount (S142), 
and respectively decrease a fuel Injection amount 
for the primary fuel injection and a fuel injection 
amount for the subsequent fuel injection for a dec- 
rement corresponding to a difference between the 
fuel injection amount for the preliminary fuel injec- 
tion before correction and the predetermined mini- 
mum fuel injection amount (S149, S156). 
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1 1 . The fuel injection control device as defined in Claim 
9 or Claim 10, wherein the fuel injectors (8) operate 
by electric power, the device further comprises a 
sensor (21) which detects a voltage of the electric 
power applied to the fuel injectors (8), and the con- 5 
troller (1 ) is further programmed to set the predeter- 
mined minimum fuel injection amount according to 
the voltage of the electric power. 

12. The fuel injection control device as defined in any io 
one of Claim 3 through Claim 9, wherein the con- 
troller (1) is further programmed to increase a fuel 
injection amount to be injected after the preliminary 
fuel injection, for a specific cylinder which was in the 
intake stroke when the preliminary fuel injection is 
was performed (SI 59. S259. S262). 

13. The fuel injection control device as defined in Claim 
1 2, wherein the controller ( 1 ) is further programmed 

to set an increment for Increasing the fuel injection 20 
amount for the specific cylinder to be equal to a fuel 
injection amount for the preliminary fuel injection 
(SI 59). 

14. The fuel injection control device as defined in Claim 25 
1 2, wherein the controller (1 ) is further programmed 

to calculate an amount of fuel injected during a pre- 
determined period in the preliminary fuel injection 
(S278, S279. S283, S284). and set an increment 
for increasing the fuel injection amount for the spe- 30 
cific cylinder to be equal to the amount of fuel inject- 
ed during the predetermined period In the prelimi- 
nary fuel injection (S259, S262). 

1 5. The fuel injection control device as defined in Claim 35 
1 2, wherein the controller (1 ) Is further programmed 

to calculate an amount of fuel injected during a pre- 
determined period in the preliminary fuel injection 
(S278, S279, S283, S284), calculate a wall flow 
component of the amount of fuel Injected during the 40 
predetermined period (S378, 8379, S383. S384), 
and set an increment for increasing the fuel injection 
amount for the specific cylinder to be equal to a val- 
ue obtained by subtracting the wall flow component 
from the amount of fuel injected during the prede- 
termined period(S259, S262). 

16. The fuel injection control device as defined in Claim 

15, wherein the device further comprises a sensor 
(15) which detects a temperature of the engine (2), so 
and the controller (1) is further programmed to set 

the wall flow component according to the tempera- 
ture of the engine (2) (S385, S386). 

1 7. The fuel injection control device as defined in Claim ss 

16, wherein the controller (1 ) Is further programmed 
to decrease the wall flow component as the temper- 
ature of the engine (2) increases (S385, S386). 



18. The fuel injection control device as defined in any 
one of Claim 1 through Claim 17. wherein the con- 
troller (1) is further programmed to determine if a 
fuel injection pressure has reached a predeter- 
mined pressure (SI) and prevent the fuel injectors 
(8) from injecting fuel when the fuel injection pres- 
sure has not reached the predetermined pressure. 

19. A fuel injection control method for an internal com- 
bustion engine (2), the engine (2) comprising a plu- 
rality of cylinders (#1 - #8) which sequentially per- 
form a combustion of fuel and a starter motor which 
cranks up the engine (2), each of the cylinders (#1 
- #8) having an intake port (7) and a fuel injector (8) 
which injects fuel into the intake port (7), and se- 
quentially performing an intake stroke, a compres- 
sion stroke, a expansion stroke and an exhaust 
stroke, the method comprising: 

detecting a start of the starter motor (1 3); 
detecting a cylinder in a specific position in a 
specific stroke (9. 11); 

executing a cylinder-stroke identification iden- 
tifying a present stroke of each cylinder (#1 - 
#8) based on the cylinder in the specific posi- 
tion in the specific stroke (102); and 
controlling the fuel injectors (8) to simultane- 
ously perform a primary fuel injection for a cyl- 
inder in the intake stroke and for a cylinder in 
the exhaust stroke simultaneously, on the first 
execution of the cylinder-stroke identification. 
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